The Storm Water Management Model (SWMM) has been an effective tool for simulating floods in urban areas, but has been seldom applied for river systems. In this study, a geographic information 
INTRODUCTION
River flooding has caused extensive socio-economic loss globally. In India, the eastern states of Orissa, Andhra Pradesh and West Bengal have witnessed high magnitude monsoonal floods annually. These natural disasters are a result of severe meteorological and hydrological conditions aggravated by anthropogenic activities. El Alfy () reported that rapid urbanization reduces infiltration and increases runoff as a consequence of which flood peaks and flood volume increase even if rainfall intensity is low.
Although flooding cannot be completely avoided, its ill-effects can be minimized conventionally by two approaches: firstly, through flood protection works by designing and constructing river banks, dams and flood storage to guard the inundation susceptible areas apart from regulating the reservoir discharge and secondly, by developing a flood warning system which can assist in the evacuation of people, property and livestock.
In recent times, there has been an ever-increasing emphasis on the development of flood warning systems as they offer a relatively cheaper option as compared to the costlier flood protection works. Various models such as HEC-1 developed by the US Army Corps of Engineers, TR-55 developed by the Soil Conservation Service (SCS), are available for predicting runoff from the watershed (US Army Corps of Engineers ; SCS ; DHI ;
Rossman ).
Among the above-mentioned models, SWMM is one of the most widely used open-source models available for research and practical applications in urban as well as non-urban drainage systems (Kim et al. ) . The major advantage of SWMM is that it incorporates the capabilities of both hydrological and hydraulic models.
Moreover, a calibrated and validated SWMM model is much easier to use for accurate flood prediction as it requires only minimal meteorological data like temperature and rainfall. Although an SWMM model was developed for urban applications, researchers across the world have successfully used it to model rural areas wherein it was concluded that the model is equally applicable for natural watersheds ( Jang et al. ; Jun et al.
; Chung et al. ).
Nowadays, geographic information system (GIS) has emerged as a vital part in hydraulic and hydrologic studies due to the spatial nature of the parameters governing the hydrological processes ( Ji & Qiuwen ) . It plays a crucial role in parameterizing the distributed hydrological models wherein the abstraction of hydrologic information, such as catchment discretization, stream network, basin boundary, can be done via GIS packages. Use of GIS in catchment discretization is evolving as a latest trend which is yielding better flood predictions as compared to the conventional approaches (Dongquan et al. ) .
El Alfy () coupled GIS and remote sensing with
HEC-HMS to analyze the maximum flood in urbanized arid areas.
In past decades, various studies emphasized on calibrating SWMM model to bring an agreement in simulated and observed values (Choi & Ball ) . In recent times, autooptimization of model parameters has gained popularity over manual calibration as it is efficient and time saving (Boyle et 
METHODS

Model description
In the current study, the Brahmani river was which can either be a storm drain or another sub-catchment.
where V ¼ volume of water in a sub-catchment; dt ¼ time step; A ¼ area of the sub-catchment; i ¼ effective rainfall;
and Q ¼ outflow from the sub-catchment;
where W ¼ width of the sub-catchment; n ¼ Manning's rough- 
Data used
The data required for modelling purposes were collected from various government and online sources (Table 1) .
There are six stations in the basin where discharge data are available, but they have either data gaps or limited record length. Therefore, two stations have been considered 
Catchment delineation
El Alfy () used Arc-Hydro tool for deriving the morphometric characteristics of the catchment. In the present study,
an ArcGIS hydrological analysis toolbox was used for delineation of catchment with the help of DEM and flow direction.
The steepest descent from each cell is taken to calculate the flow direction. In the post-processing stage, the derived basin layers were converted into vector form from the raster dataset obtained and then given to the SWMM model.
Other parameters
In the case of hydrodynamic models, parameters are classi- Table 2 . The calibration simulations on the basis of RSR statistic as very good (0.00 < RSR < 0.50), good (0.50 < RSR < 0.60) and satisfactory (0.60 < RSR < 0.70).
The model was calibrated and validated on a monthly time scale for 13 years (1980) (1981) (1982) (1983) (1984) (1985) (1986) (1987) (1988) (1989) (1990) (1991) (1992) and 20 years (1993) (1994) (1995) (1996) (1997) (1998) (1999) (2000) (2001) (2002) (2003) (2004) (2005) (2006) (2007) (2008) (2009) (2010) (2011) (2012) respectively, using Monte Carlo based auto-calibration technique. Figure 3 shows the calibration-validation plots on a monthly basis for two gauging stations, namely: Gomlai and Jenapur. It can be seen from Table 3 The Jajapur region experiences frequent floods in spite of having sufficient channel cross-section, as the area does not receive sufficient flow velocity due to its flat terrain.
The channel capacity value of 1 signifies full channel, whereas 0 value stands for completely empty channel. It can be observed from Figure 6 that the channel capacity reaches its maximum limit near Jajapur. It can also be seen that the flow velocity is relatively higher at Jenapur and its channel capacity is adequate enough to route any flood. found that the maximum flow should not be more than 
